Acute lung injury from intratracheal exposure to fugitive residual oil fly ash and its constituent metals in normo- and spontaneously hypertensive rats.
We have recently shown that the spontaneously hypertensive (SH) rats with underlying cardiovascular disease exhibited greater pulmonary vascular leakage and oxidative stress than healthy normotensive (Wistar Kyoto, WKY) rats after a 3-day inhalation exposure to residual oil fly ash (ROFA) particles (Kodavanti et al., 2000). Since host responsiveness to a 3-day episodic ROFA inhalation could be different from a single acute exposure, we examined ROFA and its constituent metal (vanadium, V; nickel, Ni)-induced lung injury after a single intratracheal (IT) exposure. Male SH and WKY rats (12-13 wk) were IT instilled with either saline or ROFA (0.0, 0.83 or 3.33 mg/kg). The bronchoalveolar lavage fluid (BALF) was analyzed for lung injury markers at 24 and 96 h post-IT. Rats were also IT instilled with 0.0 or 1.5 micromol/kg of either VSO(4) or NiSO(4).6H(2)O in saline (equivalent to a dose of 2-3 mg ROFA), and assessed at 6 and 24 h post-IT. Basal levels of BALF protein, macrophages, and neutrophils, but not lactate dehydrogenase (LDH), were higher in control SH compared to control WKY rats. Lung histology of control SH rats exhibited mild focal alveolitis and perivascular inflammation; these changes were minimal in control WKY rats. ROFA-induced increases in BALF protein, and to a lesser extent in LDH, were greater in SH compared to WKY rats. ROFA IT was associated with the increases in BALF total cells in both strains (SH > WKY). BALF neutrophils increased at 24 h and macrophages at 96 h in a dose-dependent manner (SH > WKY). The increase in BALF neutrophils was largely reversed by 96 h in both rat strains. The V-induced increases in BALF protein and LDH peaked at 6 h post-IT and returned to control by 24 h in WKY rats. In SH rats, BALF protein and LDH were not affected by V. Ni caused BALF protein to increase in both strains at 6 and 24 h; however, the control values at 24 h were high in SH rats, and were not distinguishable from exposed rats. The Ni-induced increase in LDH activity was progressive over a 24-h time period (WKY > SH). The number of macrophages decreased following V and Ni exposure at 6 h, and this decrease was reversed by 24 h in both strains. V caused BALF neutrophils to increase only in WKY rats. The Ni-induced increase in BALF neutrophils was more dramatic and progressive than that of V, but was similar in both strains. Lung histology similarly revealed more severe and persistent edema, perivascular and peribronchiolar inflammation, and hemorrhage in Ni- than in V-exposed rats. This effect of Ni appeared slightly more severe in SH than in WKY rats. In summary, the acute single IT exposure to ROFA resulted in greater pulmonary protein leakage and inflammation in SH rats than in WKY rats. The metallic constituents of ROFA produced these effects in a strain-specific manner such that, at the dose level used, V caused pulmonary injury only in WKY rats, whereas Ni was toxic to both strains.